In northeastern North America, coyotes (Canis latrans) contend with lower prey diversity and abundance relative to their western counterparts (Harrison 1992; Parker 1995; Patterson et al. 1998) . We used urinalysis to determine if the local distribution and abundance of white-tailed deer (Odocoileus virginianus) and snowshoe hare (Lepus americanus) had a measurable effect on the nutritional condition of eastern coyotes during winter. We analyzed 567 urine specimens collected from coyotes belonging to 8 territorial family groups, whose territories contained different densities of deer and hare. Mean urinary urea nitrogen (UN) : creatinine (C) ratios were correlated positively with relative hare density (r s = 0.75, P = 0.004) but negatively with deer density (r s = -0.71, P = 0.009). Coyote-group size did not have a significant influence on mean UN:C (r s = 0.42, P = 0.17). Coyotes utilizing hare as a primary food source maintained consistently high UN:C values throughout the winter, whereas those using proportionally more deer as a primary food source exhibited lower and more variable UN:C values during the breeding season. Winter densities of deer and hare were inversely related (r s = -0.63, P = 0.027), further suggesting that the UN:C value was primarily a function of hare density. The analysis of urine voided in snow is useful for determining the relative time since last feeding for carnivores. However, inferring relative nutritional condition from time since last feeding may be inappropriate for cases in which carnivores exploit prey of different sizes. : créatinine (C) urinaires moyens se sont révélés en corrélation positive avec la densité des lièvres (r s = 0,75, P = 0,004), mais en corrélation négative avec celle des cerfs (r s = -0,71, P = 0,009). La taille des groupes de coyotes n'avait pas d'influence significative sur le rapport moyen UN : C (r s = 0,42, P = 0,17). Les coyotes dont la nourriture principale était le lièvre ont maintenu élevé leur rapport UN : C pendant tout l'hiver, alors que ceux qui se nourrissaient surtout de viande de cerf avaient un rapport UN : C plus faible ou plus variable durant la saison de la reproduction. La densité des cerfs et celle des lièvres étaient en corrélation inverse (r s = -0,63, P = 0,027), ce qui semble indiquer aussi que le rapport UN : C est surtout fonction de la densité des lièvres. L'analyse de l'urine déversée dans la neige est un outil utile pour déterminer la durée relative du temps écoulé depuis le dernier repas chez les carnivores. Cependant, la déter-mination de la condition physique basée sur le temps écoulé depuis le dernier repas peut ne pas être valide lorsque les carnivores exploitent des proies de tailles diverses.
Introduction
Originally restricted to the Great Plains of western North America, coyotes (Canis latrans) have recently expanded their range into northeastern North America (Moore and Parker 1992) . Throughout most of the northeast, coyotes must contend with lower prey diversity and abundance relative to their western counterparts (Harrison 1992; Parker 1995; Patterson et al. 1998) . As a result, two prey species, white-tailed deer (Odocoileus virginianus) and snowshoe hare (Lepus americanus), have become the primary prey of the eastern coyote (Parker 1986; Messier et al. 1986; Patterson et al. 1998) . These prey species show considerable spatial and temporal fluctuations in abundance (Fryxell et al. 1991; Eaton 1993) .
Prey abundance may influence the relative nutritional status of coyotes, which in turn may directly affect social and demographic characteristics. In Alberta, pregnancy rates and litter sizes of coyotes declined with snowshoe hare abundance (Todd and Keith 1983) . Similarly, female coyotes in the Gaspé region of Québec exhibited exceptionally low fecundity, probably as a reult of low prey abundance Samson and Crête 1997) . Several researchers noted that eastern coyotes, particularly adults rearing young, are often emaciated during early summer (Messier and Barrette 1982; Harrison and Harrison 1984; Poulle et al. 1995) . Generally, carcasses collected during winter have moderate fat reserves , suggesting that it may be easier for coyotes to obtain adequate food resources during winter relative to other seasons. Despite these observations, few studies have attempted to relate the nutritional condition of coyotes to the abundance of major prey species.
Numerous indices have been developed to assess the relative condition of birds and mammals, however, most are related to fat reserves (Harder and Kirkpatrick 1994; . The analysis of urine collected from snow (urinalysis; DelGiudice et al. 1987) can be used to assess the nutritional status of free-ranging mammals during winter. Urea nitrogen (UN) resulting from the digestion of meat exhibits definite patterns of excretion (related to protein intake) in urine expelled by carnivores Mech et al. 1987; Ramsay et al. 1991) .
UN : creatinine (C) and potassium (K) : C values were lower in a sample of fasted captive wolves than in one of fed captive wolves . Further, UN:C values were considerably higher in snow-urine samples collected from the immediate area surrounding the carcasses of deer killed by wolves than in those collected randomly along wolf trails ). These studies indicated that the analysis of multiple urine samples collected from freeranging wolves could reveal changes in the nutritional status of wolves over time. Each pack need only be sampled frequently enough throughout the winter to obtain a valid index of the actual mean time since feeding. It would then be reasonable to conclude that, where prey size is relatively consistent, a pack that has a significantly longer time since feeding should be in poorer condition than a pack that feeds more frequently . Eastern coyotes travel in extended family groups during the winter, may hunt cooperatively for deer, and are closely related to wolves (Wayne and Lehman 1992) . Herein we tested the hypothesis that local abundance of white-tailed deer and snowshoe hare can affect the nutritional condition of eastern coyotes, using UN:C values from urine samples.
Study areas
Our study was conducted in three study sites in two geographic areas of Nova Scotia, Canada. The Queens County study area (QC) was located in central southwestern Nova Scotia (44°20′ N, 65°15′ W) and included the eastern half of Kejimkujik National Park (-200 km 2 ) and approximately 300 km 2 of primarily forested land east of it. This region had warm summers, typified by 1700 annual degree-days >5°C, and cool winters averaging -5°C in January (Dzikowski et al. 1984) . QC received little snow during the study, with accumulations being generally >20 cm. Thus, deer did not aggregate in yards (MacDonald 1996; Lock 1997) .
The second area was located approximately 400 km to the northeast of QC on Cape Breton Island (45°45′ N, 61°15′ W) and was centered on the 24-km 2 Eden deer wintering area that typically contains -200 deer from January to March (Patterson et al. 1998) . Elevation rose abruptly from near sea level in the River Denys Basin area to approximately 300 m in the Creignish Mountains. In the Cape Breton Island study area (CB), the climate was generally more moist, with approximately the same annual number of degreedays >5°C (1600) as QC (Dzikowski et al. 1984) . The higher elevations in the northern section of the study area (Cape Breton Highlands (CBH)) typically received 250-300 cm of snow annually, whereas the lowland areas (Cape Breton Lowlands (CBL)) received 200-250 cm of snow annually (Gates 1975) . The median duration of snow cover generally varied from 140 days at the higher elevations to 130 days at the lower elevations (Gates 1975) . This contrasted with a median duration of snow cover of 59 days in QC.
Methods
We used urinalysis to compare the relative nutritional condition of coyotes living in territories containing different densities of white-tailed deer and snowshoe hare. Patterson et al. (1998) presented estimates of deer and hare densities in each study area. The following summary provides information relevant to the present study.
The relative abundance of white-tailed deer was determined within each study area using pellet-group counts conducted along 30 systematic line transects, each 1000 × 2 m, during April and May 1995 -1997 (Neff 1968 ; Table 1 ). Hare density was estimated using pellet counts within 1 m radius circular plots placed every 100 m along the deer-pellet transect lines. Deer and hare densities were estimated within individual coyote territories (Patterson 1999) . Each coyote territory contained an average of 8.5 ± 0.9 (SE) transect lines. Deer pellet count data were transformed to actual density estimates. We assumed a daily defecation rate of 16 pellet groups per day per deer and an average date of leaf fall of 1 November. Relative hare density within territories and study areas is reported as pellets per square metre unless otherwise noted. All density values are reported ±1 SE. SEs for density estimates were calculated on the basis of the variance in the number of pellets counted among plots in each territory.
While conducting the deer pellet group counts, we tallied all pellet groups deposited after leaf fall (assumed to be 1 November). Considering that most deer in the highland areas of Cape Breton migrated to wintering grounds in the lowlands by early January (MacDonald 1996; Patterson et al. 1998 ), pellet counts likely overestimated the number of deer actually wintering in CBH between January and March. To provide further information on the relative winter distribution and abundance of deer in CBH and CBL and to define the limits of the Eden deer wintering area, we conducted an aerial survey in February 1997 (Patterson et al. 1998 ). This survey was supplemented with observations made during many (>15) less formal aerial surveys conducted in CB during January-March 1995 -1997 (Patterson 1999 .
Deer densities averaged 3-4/km 2 in CB but reached as high as 9.8/km 2 in the Eden deer wintering area (Patterson et al. 1998 ). Estimates were consistently lower throughout QC, averaging 2.0/km 2 . Pellet surveys indicated that snowshoe hare densities were significantly higher in CB relative to QC (Patterson et al. 1998) . Within CB, hare-pellet densities were significantly higher in CBH than in CBL. From May through November, deer appeared to be evenly distributed throughout all study areas. However, there was a pronounced difference in deer density between CBH and CBL during winter, when most deer migrated to wintering grounds in CBL (MacDonald 1996; Lock 1997; Patterson et al. 1998 ). Overall, CBH was typified by high hare densities with only a few scattered pockets of deer present during winter, whereas CBL contained moderate hare densities and relatively high deer densities yearround. Considerably lower and more uniform densities of both deer and hare typified QC year-round (Patterson et al. 1998 ).
Suitability of urinalysis as an indicator of relative nutritional condition of coyotes
Several authors (Saltz et al. 1995; White et al. 1995a White et al. , 1995b have criticized the suitability of urinalysis as an indicator of the relative nutritional condition of ungulates. Two major concerns are (i) that, among ungulates, different age and (or) sex classes show marked differences in nutritional condition as winter progresses and, therefore, mean UN:C values from randomly collected samples will largely be influenced by the age and sex ratios of the herd in question; and (ii) that high UN:C values in ungulates can indicate either high intake of dietary protein or an advanced state of starvation (catabolism of lean body tissue).
We addressed the first concern by analyzing urine only from known (radio-collared) individuals and their associates. We tracked groups of coyotes containing breeding pairs of coyotes and other associates that were presumed to be their offspring (Patterson 1999 ). We do not believe the second concern to be a problem in our study, because none of the 17 radio-collared coyotes killed and examined during winter exhibited any signs of malnutrition (B.R. Patterson, unpublished data; see also Poulle et al. 1995) . Finally, the studies of DelGiudice et al. (1987) and Mech et al. (1987) demonstrated the utility of urinary UN:C values as an indicator of the time since last feeding for both captive and wild timber wolves.
Collection and processing of urine samples
We collected urine specimens while snow-tracking radiocollared coyotes belonging to eight territorial family groups from January to March 1995 March -1997 (Fig. 1) . Each day during winter, we attempted to locate one radio-marked individual from >2 family groups in each study area. We then walked into the study area and backtracked the group until either a bedding area was found or 1.5 h had elapsed. All urine-soaked snow observed was collected in plastic freezer bags and kept frozen until processing. Each sample was labeled with the date and location, as well as the pack identification and the number of coyotes being followed. Specimens were stored at -20°C.
Specimens were later thawed and centrifuged at 2000 × g, to remove dirt or debris and, in some cases, blood cells (common in the urine of females during the breeding season). Aliquots were then refrozen at -20°C. We assayed the specimens for UN and C using spectrophotometry with the Cobas Mira Plus Bioanalyzer (Roche Diagnostics, Mississauga, Ont.). We used C (kinetic) and UN (rate) assay kits from Diagnostic Chemicals Ltd. Specimens were initially diluted 12.5:1. Further adjustments were made if the initial assays indicated that the specimens were too concentrated or too dilute to produce reliable results. UN concentrations of specimens were expressed relative to the concentrations of C, to correct for variations in expelled urine concentration and dilution by snow. C excretion is considered to be relatively constant over time and, thus, provides a valid index for comparing urinary metabolites White et al. 1995a ).
We assayed 688 coyote urine specimens. We tested the accuracy of these assays by analyzing duplicate specimens of known concentration that ranged from 2 to 800 µmol/L (0.02-9.05 mg/dL) for C and from 1 to 10 mmol/L (2.8-28 mg/dL) for UN. We calculated a mean difference of 3.9 ± 1.9% (n = 34) and 5.9 ± 1.8% (n = 12) for the C and UN standard assays, respectively. In both cases, estimated concentrations were consistently higher than the actual values. We did not consider this bias problematic to our analysis, because it appeared to affect the entire range of concentrations in a consistent and predictable manner. However, the preliminary assays indicated that we could not reliably measure C and UN concentrations below 10 µmol/L (0.112 mg/dL) and 1 mmol/L (2.8 mg/dL), respectively. Censoring all specimens with concentrations of either C or UN below these values resulted in the removal of 55 specimens. We censored an additional 66 specimens, because they came from territories with inadequate prey-abundance data (n = 39) or could not be accurately assigned to a specific radiocollared family group (n = 27). Therefore, the total number of specimens included in the analyses was 567.
Statistical analyses
We compared mean UN:C values (mg/dL:mg/dL) using analysis of covariance (ANCOVA), with study area as the main factor and month as a covariate. We pooled data collected over all years of the study, because winter severity and trends in deer and hare numbers were similar from 1995 to 1997 (Patterson et al. 1998 ). Significant differences were determined using Tukey's LSD (least significant b Value is based on aerial and ground surveys. Although all deer pellets deposited after 1 November were counted, most deer had migrated from CBH by early January when the bulk of winter fieldwork began and, therefore, pellet counts overestimated the density of overwintering deer in CBH. The density estimate presented should better represent the actual winter densities of deer (Patterson et al. 1998 ). Unadjusted density estimates based on the pellet surveys are Roseburn 1996, 1.4 ± 0.7 (n = 6 transect lines); Skye Mountain 1996, 2.4 ± 0.4 (n = 7); Skye Mountain 1997, 1.3 ± 0.5 (n = 8); River Denys Mountain 1997, 3.0 ± 0.7 (n = 7).
c Values given are for all specimens from all deer kill sites pooled. Table 1 . Urea nitrogen (UN) : creatinine (C) ratios (±SE) and relative deer and hare densities (±SE with the number of sample plots in parentheses; data from Patterson et al. (1998) ) for 567 urine-soaked snow specimens collected while snow-tracking radio-collared coyotes belonging to 8 territorial packs in Nova Scotia in January-March 1996-1997.
Fig. 1.
Locations where radio-collared coyotes were snow-tracked in Cape Breton Island (CB; a) and Queens County (QC; b) on the days urine-soaked urine samples were collected during winters 1995-1997. Only one point is given for each day a urine sample(s) was (were) collected for each group. In CB, Cape Breton Highlands (CBH) and Cape Breton Lowlands (CBL) were separated by Highway 105.
difference) for unequal sample sizes (Sokal and Rohlf 1995) . We used Spearman's rank correlations (Sokal and Rohlf 1995) to examine correlations among UN:C values of coyotes from each territorial family group and deer and hare densities, and the respective winter traveling group size of each coyote family group (Patterson 1999) . Because the use of deer or hare by eastern coyotes may depend on the relative density and vulnerability of the two species (Patterson et al. 1998; Patterson 1999) , it may be inappropriate to correlate any behavioral or physiological parameters to the relative availability of the one without statistically controlling for the other. We used Kendall's partial rank order correlation (T xy·z ; Siegal and Castellan 1988) to assess the relative contribution of deer and hare densities to UN:C values. Fifteen specimens from two groups in QC were included in the ANCOVA but not in the territory-specific analyses ( Table 1) , because of small sample sizes. Values are presented as means ± 1 SE.
Results

Comparison of specimens collected along trails and at kill-sites
The mean UN:C value for 28 urine specimens collected in the immediate vicinity of 11 white-tailed deer carcasses that had been fed upon by coyotes was 84.0 ± 6.1 versus 52.0 ± 1.5 for all remaining specimens pooled (Mann-Whitney U [539, 28] = 2756, P < 0.001; Table 1 ). Coyotes often remained in the vicinity of large prey carcasses for several days, resulting in a large number of urine specimens being deposited in these areas (Fig. 1) . Even though we did not collect all specimens observed near kill sites, we were concerned about the potential bias resulting from the inclusion of a disproportionate number of urine specimens collected in the vicinity of deer carcasses, thus, for all subsequent comparisons, we randomly selected one urine specimen per day for each day a coyote group was located at a deer carcass site from all those urine specimens collected within 1 km of a kill site ( Fig. 1; Table 1 ). This resulted in 13 specimens being removed from subsequent analyses.
Seasonal and geographic differences in UN:C
Study area had an influence on UN:C (F [2, 547] = 14.6, P < 0.001; Table 1 ). The mean UN:C value in CBH (60.3 ± 2.7, n = 227) was significantly greater than that in CBL (45.8 ± 1.8, n = 228) or QC (43.8 ± 2.9, n = 99; Tukey's LSD, P < 0.001). There was no difference in mean UN:C between CBL and QC (Tukey's LSD, P = 0.86).
Although ANCOVA revealed that UN:C values differed significantly among months after controlling for study area (F [1, 547] = 6.4, P = 0.012), there was no progressive increase from January to March (Fig. 2) . In QC and CBL, mean UN:C decreased from January to February but increased in March to levels above those found at any other time during the winter (Fig. 2) . In CBH, there was relatively little difference among months (Fig. 2) .
The influence of deer and hare abundance on UN:C Urinary UN:C was positively correlated with hare density (r s = 0.75, P = 0.004; Fig. 3a ) and negatively correlated with deer density (r s = -0.71, P = 0.009; Fig. 3b ). Pack size did not appear to have a significant influence on UN:C (r s = 0.42, P = 0.17). Kendall's partial rank order correlation's indicated that, after statistically controlling for the influence of the other parameter, deer and hare densities remained correlated with UN:C (T UN:C×deer(hare) = -0.42, P = 0.032; T UN:C×hare(deer) = 0.39, P = 0.035).
Discussion
We conclude that prey abundance influenced the mean UN:C values of coyotes but we could not determine the degree to which low UN:C values related directly to malnutrition. That determination could only be made after consideration of base-line data from coyotes known to be suffering from various degrees of malnutrition. Further, because urinalysis is a measure of the mean time since last feeding in carnivores, plastic foraging strategies (many small meals or fewer large meals) may confound its use as an indicator of relative physical condition in coyotes.
Coyotes have a more diverse diet than wolves (see Parker 1995 for a review) and may gorge infrequently on large prey, such as deer, or feed more frequently on hare or small rodents. During winter, coyotes fed primarily on deer and hare and required the equivalent of approximately one hare per day to meet their energy requirements (Patterson 1999) . Observations made during snow-tracking suggest that hare were generally consumed in a single meal in a relatively short period of time. Thus, even coyotes feeding primarily on hare probably fed little more than once daily. A curvilinear relationship between hare density and UN:C (Fig. 3a) suggests that UN:C would have increased little more in the presence of hare densities higher than those we observed. During snow-tracking, we noted incomplete consumption of hares in CBH and we suspect that coyotes feeding primarily on hares were often satiated in this area. Although we can make only limited inferences from our data, we feel comfortable with the assertion that higher mean UN:C values were associated with more frequent feeding, as suggested by and Mech et al. (1987) . We further assume that packs feeding more often were likely in relatively better nutritional condition than packs feeding less frequently (those exhibiting significantly lower UN:C values). However, additional data on total prey consumption (kilograms ingested per coyote/day) relative to UN:C values are required to validate this assumption.
Mean UN:C values of urine specimens collected near deer killed by coyotes in this study (84.0 ± 6.1) were similar to those of 234 wolf-urine specimens collected near deer killed by wolves in Minnesota (80.8 ± 2.6; Mech et al. 1987) . The overall mean UN:C value for urine specimens collected along coyote trails (51.9 ± 1.5) was higher than the mean UN:C value for urine specimens collected along wolf trails (43.7 ± 6.9; Mech et al. 1987) . Relative to coyotes, large prey generally make up a larger proportion of the winter diet of wolves Potvin et al. 1988; Patterson et al. 1998) . Poulle et al. (1995) demonstrated that coyotes hunting primarily large game during winter generally accumulated enough body fat to last through extended fasts (by gorging when a kill is made). Nonetheless, given the number of days during which no food is consumed (search time and failed attempts between kills), the mean daily UN:C value of excreted urine (related to protein intake) should be lower, as documented during this study.
Although the negative correlation between deer density and UN:C may seem surprising, areas containing the lowest deer densities during winter tended to have the highest hare densities (r s = -0.63, P = 0.027; Table 1 ). Although capable of killing deer year-round, coyotes are most successful when deep snow hinders deer movements (Messier and Barrette 1985; Parker and Maxwell 1989; Patterson and Messier 2000) . Further, during this study, high densities of deer were associated with reduced vulnerability to predation (Patterson and Messier 2000) . Thus, deer density did not relate directly to deer availability per se (Patterson and Messier 2000) . The negative correlation between UN:C and deer density provides further evidence of the dominant influence of hare density (Fig. 3) .
In areas where ungulates are a major food source, larger groups of coyotes are generally associated with greater foraging efficiency (Bowen 1981; Gese et al. 1988; Parker and Maxwell 1989) . However, group size did not exert a significant influence on mean UN:C values during this study. Considering that UN:C was not positively correlated with deer density, the lack of correlation between UN:C and winter traveling group size was expected.
Seasonal trends in UN:C
Tracking studies of eastern coyotes (Hilton 1976; Huegel and Rongstad 1985; Parker and Maxwell 1989; Patterson and Messier 2000) suggest that per capita food consumption may increase as winter progresses and deer become more vulnerable to predation. From January to February, mean UN:C values decreased significantly in QC and marginally in CBL (Fig. 2) . However, ratios remained consistently high in CBH. February coincides with the peak of breeding for eastern coyotes (Parker 1995) . Although some researchers have suggested an increase in coyote sociality resulting in increased predation on deer during the breeding season (Parker and Maxwell 1989; Dibello et al. 1990 ), this may be oversimplifying the case. Although coyote predation on deer often increases as winter progresses (Huegel and Rongstad 1985; Parker and Maxwell 1989; Dibello et al. 1990 ), this increase does not generally occur until after mating. During five winters of snow-tracking radio-collared coyotes, we often observed that the breeding pair temporarily disassociated from the rest of the family group for up to 2 weeks around the time of conception (Patterson 1999) . Although neither mean UN:C values nor killing rates of deer by coyotes differed significantly among coyote group sizes of 2-4 (Patterson and Messier 2000) , it is the breeding pair of coyotes that generally initiates attacks against ungulates (Gese and Grothe 1995; Gese 1999) . Thus, for family groups that relied on hunting deer as a primary food source, the temporary absence of the breeding pair may have caused a decrease in food intake. In this sense, it is not surprising that packs living in areas with high densities of snowshoe hare appeared to be in good nutritional condition throughout the winter, whereas packs more reliant on hunting deer fed relatively less often during the breeding season in February.
Urinalysis as an indicator of nutritional condition in carnivores
We believe that the analysis of urine voided in snow accurately reflected the relative winter nutritional condition of coyotes in Nova Scotia. We demonstrated a positive relationship between the density of a primary prey species and mean UN:C values. We assume that this reflected the relative nutritional condition of coyotes, however, we do not know the UN:C value below which coyotes would be experiencing serious nutritional restriction. Base-line information from coyotes known to be suffering different degrees of nutritional restriction would facilitate the future use of this method as a measure of nutritional condition.
Considering the basic nature of the relationship between protein intake and the excretion of UN in most carnivores, we concur with Mech et al. (1987) that this technique should be useable for most carnivores inhabiting regions that have snow for a significant part of the year. The analysis of specimens collected from coyotes or other top level predators across a broad area has potential for use as an indicator of total prey availability in different areas. However, geographic differences in the size of prey consumed may confound the interpretation of UN:C values. Further, owing to the labor involved in collecting an adequate number of specimens, the technique will likely remain restricted largely to situations where specimens can be collected in association with other research projects.
